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SUMMARY
The Environmental Symptoms Questionnaire (ESQ) was developed to help researchers quantify symptoms experienced by individuals exposed to extreme environmental conditions. The ESQ has evolved from earlier designs into a general symptoms questionnaire for capturing the symptoms of acute mountain sickness.
Items have been added, removed and revised, and scale changes were made for greater reliability and ease of administration and completion. Factor analysis revealed significant symptom clusters and weights for scoring the ESQ.
Discussion is given to these developments and the application to a number of environmental studies. Recommendations are offered for its administration and scoring using either factor weights or nonfactored clusters.
INTRODUCTION
Military forces have often suffered more from the extremes of climate than from enemy actions (8, 20, 21, 26, 37) . Although extreme environmental conditions can have serious medical and psychological effects on military personnel, reliable measures of individual physiological and psychological reactions to climatic conditions have been difficult to obtain. Routine casualty reports and medical treatment records, although valuable sources of such information, are usually unreliable (47) .
Early studies involving personal records and reports have left us with mixed and sometimes confusing results (2, 46) .
Major problems arise in the use of personal ratings and opinions because of the lack of careful design of subjective scales.
Maintaining reliable measurement standards and controlling unwanted variability under field conditions are often very difficult.
Consequently, there are few scientific studies of individual symptomatology during exposure to extreme climates.
Thus, attempts to quantitatively measure environmentally-induced symptoms have been rare and, until relatively recently, almost nonexistent.
EVOLUTION OF THE ENVIRONMENTAL SYMPTOMS QUESTIONNAIRE
In a classic series of high altitude studies, McFarland (38, 39) tried to quantify environmentally induced symptoms by using separate questionnaires for physiological symptoms and behavioral reactions. Unfortunately, the questionnaires were limited in scope and were never standardized for use by others. Since then, other attempts have been made to develop valid and reliable self-report questionnaires for measuring responses to environmental extremes.
A 1965 field study conducted by the US Army Research Institute of Environmental Medicine (USARIEM) attempted to document and quantify reactions to extended exposures to high terrestrial altitude and symptoms of acute mountain sickness (AMS) (19) .
The General High Altitude Questionnaire (GHAQ), developed and first described by Evans (10) , was used in this study to assess altitude symptomatology.
The results of the USARIEM study indicated that the GHAQ had been able to identify and quantify some of the commonly reported symptoms of altitude exposure.
The GHAQ was used effectively in a number of studies on acute mountain sickness.
Eventually, however, it became evident there were several shortcomings in the scale.
Each item involved multiple phrases which made the questionnaire more difficult to respond to than necessary.
In addition, only 7 of the 26 items dealt with suspected symptoms of altitude, and items relating to fatigue and mood states were over represented. There was also no standardized method for scoring results, leading investigators to score it in a variety of ways.
Often they simply summed up all or part of the responses.
The disproportionate number of fatigue and mood items often led to false positive symptom scores at sea level. These characteristics, unfortunately, made it difficult to make comparisons across many of the studies of the same, or different, investigators and, more seriously, created the potential for experimenter bias.
In order to avoid the inherent deficiencies of the GHAQ and to broaden the scope of measured reactions at altitude, Sampson (44) designed the Environmental Symptoms Questionnaire (ESQ) while involved in altitude research at USARIEM. Descriptive phrases of all known symptoms reported at altitude were first collected through an extensive review of studies from high altitude expeditions going as far back as the year 1736 (2). The accumulated symptom phrases were then organized into related generic clusters representing the various dimensions of each symptom (e.g., headache: head pressure, head throbbing, etc.). Questionnaire items were then composed to reflect the derived symptom clusters.
The resulting inventory, which shall be referred to as ESQ-I, consisted of 52 symptom phrases, each followed by a 9-point scale for estimating symptom intensity ranging from not-at-all to severe. ESQ-I was first evaluated in a 4-day high altitude study comparing it to the GHAQ (31) .
Based on the results, three more items were added, and the response scale was reduced to a 6-point discrete scale (0-5) for easier use.
After several studies, redundant items were progressively eliminated, and the inventory was broadened to include responses to heat and cold exposure and to reflect responses to certain military operational conditions (mainly protective clothing and the use of medications).
These changes culminated in the first revision of the questionnaire (ESQ-II), which was then evaluated by Sampson and Kobrick (45) in two separate field studies examining the effects of prolonged overseas flight on health and physical performance (52, 55) , and the effects of continued load-carrying over several days (56) .
Based on factor analysis of the data obtained, five principal symptom clusters were derived: 1) exertion, 2) fatigue, 3) headache-nausea, 4) eye, ear, nose, throat symptoms, and 5) wellness.
Weighted scoring for symptom clusters was also developed, as well as standardized instructions and procedures for administration.
Following the analysis of the ESQ-II, additional items covering altitude reactions and some symptoms of exercise stress were incorporated, and confusing items were reworded.
These revisions resulted in the version currently in use today, the ESQ-III.
It contains 67 items spanning a wider range of environmental reactions, as well as symptoms of heat exhaustion, dehydration, cold exposure, and the common cold.
A factor analysis of data obtained using ESQ-III in several altitude studies involving a large test population was subsequently published by Sampson, et al (46) , along with detailed recommendations for administration and scoring. Nine meaningful and reliable factors were identified: 1) acute mountain sickness -cerebral (AMS-C), 2) acute mountain sickness -respiratory (AMS-R), 3) ear, nose, and throat symptoms (ENT), 4) cold stress, 5) distress, 6) alertness, 7) exertion, 8) muscle discomfort, and 9) fatigue.
For the first time, acute mountain sickness; and other symptom groups had standardized measurement procedures based on experimental data and objective quantitative analysis rather than the intuitively derived clusters of individual experimenters.
Of particular interest was the finding of the two sickness clusters showing different temporal sequences at altitude.
The factors and their weights are presented in Table 1 .
The cerebral and respiratory "sickness" clusters are relatively independent dimensions.
Factor ENT refers to ear, nose and throat symptoms, while the cold stress factor involves reactions to being cold.
Distress is a complicated combination of both respiratory and psychological mood symptoms.
Muscle discomfort reflects symptoms due to exercise, and fatigue includes feelings of weakness and tiredness.
Detailed descriptions of the nine factors and criterion values for determining AMS, are presented in Sampson, et al. (46) .
The alertness factor involves items both positively-weighted ("Feel good"; "Alert"), and negatively-weighted ("Couldn't sleep"; "Concentration off"; "Feel tired").
The factor weights originally published for alertness were found later to be incorrect; the alertness weights shown in Table 1 , however, are the revised values published by Shukitt, Banderet, and Sampson (48) to correct those discrepancies.
An alternate version of ESQ-III was developed by Johnson (22) to accommodate certain laboratory requirements by: 1) re-wording the items for the past tense; 2) changing Item 58 (from "I couldn't sleep well" to "I felt wide awake"); and 3) adding Item 68 ("I'm hungry"). This new form, ESQ-IV, has been used successfully in several studies of cold exposure, heat exposure, and the limitations of personal protective clothing and equipment (22, 23, 24, 28, 29) .
A facsimile of this past-tense ESQ is presented in Figure 1 .
The ESQ now has been used by numerous investigators to assess symptomatic reactions to high altitude, heat, cold, fatigue, medications, dietary stress, upper respiratory infections, and military operational demands including special equipment and clothing.
The questionnaire has been applied effectively in laboratory studies, field exercises, and mountaineering expeditions.
The principal findings obtained with the ESQ during exposure to environmental extremes are summarized in Table 2 . Zell & Goodman (1988) I11 32 Ps; 3650m and 4050m/ld each; Least ANS for drugs combined; AMS-C (57) acetazotamide, dexamethasone, and AMS-R both showed high symptom placebo. Mountain climb incidence but tow severity.
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Johnson & Merutto (In press) IV 17 Ps; 10d at 41 0 C/20%HR for 8h ESQ-derived index of subjective (24) each test; 4g vs. Bg dietary satt heat illness (SNI) was higher intake daily. Chamber study during initial stages of heat acclimation; SHI showed more heat illness for Ps on 4g dietary satt. Chamber study The ESQ has shown remarkable reliability in documenting the salient symptoms of AMS as well as heat and cold reactions, although data for the latter are more limited than for altitude. It has consistently shown the same incidence of symptoms across a variety of altitude exposure situations ranging from mountaineering expeditions to hypobaric chamber studies.
It has also delivered consistent results despite variations in form of administration; i.e., page and card format, change of tense of the statements, conversion to computer administration, and modification for language differences.
It has even maintained measurement consistency with abbreviated forms using only selected items, rather than the entire inventory.
Thus, it would appear that the ESQ robustly measures symptoms most frequently related to a wide variety of environmental conditions. The ESQ has maintained a consistent logical correspondence to medical and physiological measures, physician ratings, and clinical interview data whenever both types of information were obtained during altitude exposure.
Furthermore, factor analysis has demonstrated clear, unambiguous clusterings that reflect the multidimensional aspects of a number of important symptoms. These results suggest that the ESQ reflects true subjective reactions rather than artifacts of measurement or influences of the testing situation.
Administration Procedures
The reliability and validity of the ESQ are largely dependent on the care and attention given to how it is administered.
The same time and effort given to measurement of physical or physiological parameters should also be given to administering subjective measures like the ESQ.
The volunteer subject should be told of the importance of carefully reading and completing the questionnaire.
The investigator should review each questionnaire soon after completion and be prepared to give immediate feedback to each subject.
Subjects should be made aware that the questionnaire is carefully reviewed by the research team and that proper completion is very important to the study.
Providing routine feedback helps maintain the motivation of volunteers to conscientiously complete the questionnaire repeatedly throughout a study.
If some responses seem inconsistent, the subject should be asked to double check their responses for accuracy.
This should always be done in a friendly, nonaccusatory manner.
Scoring Procedures
The principal objective for developing the ESQ was to establish standardized measurement and scoring procedures for assessing symptomatology of exposure to high altitude and, later, a number of other environmental conditions.
In the process of factor analyzing ESQs administered under a variety of conditions at sea level and altitude, a number of symptom groups, relevant to environmental research, have been indentified. Standard weighted measures are now available for two identified states of "sickness" (cerebral and respiratory), ear-nose-throat discomfort, cold stress, exertion stress, muscle discomfort, fatigue, and states of alertness.
Each subject's completed questionnaire (ESQ III or IV) can now be scored on these factors to give a more reliable, independent measure of these subjective states.
These scores are computed by multiplying the individual's responses to each item on the questionnaire by the item's factor weight ( Table 1) , summing the products within the symptom-factor group and dividing by the divisor (also Table I ) for each factor.
By computing factor-weighted scores, the researcher has more reliable measures that allow comparison of results across any study using these same measures.
Exact computations for each factor are given in Appendix A.
An alternative general method of scoring factor scores without using weights (22, 23, 24, 29) is presented in Appendix B. A factor for Heat Stress, not derived from factor analysis using this method, is also presented in Appendix B.
Although the ESQ has been used in page and card format as well as administered via computer terminals with reasonable success, potential problems of interpretation occur in cases where only subsets of the total available items are used. While meaningful results can be obtained using only selected items, differences in context between being administered a subset compared to the entire inventory may potentially influence the ratings of respondents.
Furthermore, there is added value of having many nonrelated items being surveyed during a study. Many of the "extra" symptoms on the questionnaire, not related to the environmental conditions under study, allow the investigator to identify potentially confounding variables.
For example, high scores on the ENT measure might indicate a subject has an upper respiratory infection that might be the source of the symptom scores rather than the environmental conditions. Investigators are, therefore, urged to use the entire inventory whenever possible.
Recommendations for Future Development and Application
A data base of raw scores collected under conditions of heat and a variety of nutritional states are still needed to derive standard factor analytic scores for heat stress and various dietary related symptoms.
Until such analyses are conducted, scoring procedures may involve grouping intuitively-relevant symptoms and averaging the scores without weighting individual items, as has been done by Johnson et al. (23) .
Factor analysis should be applied to new data bases, when sufficiently large, to verify the reliability of factors thus far identified.
However, unless dramatic and significant differences in clusters and weights are obtained, there should be no attempt to alter the scoring procedures outlined here.
The value of standardized measures used across studies over time will far outweigh any minor improvement in factor structure resulting from new analyses.
The ESQ has been found to be an effective tool for investigating the subjective symptomatology of individuals exposed to a wide variety of extreme conditions.
With continued conscientious application, the questionnaire will enable researchers to compile the data necessary to better understand environmental effects on humans under stress.
And finally, as the results accumulate, the ESQ should also allow us to more fully explore the multidimensional nature of symptoms in and of themselves.
SCORING ESQ USING ALTERNATE GENERAL PROCEDURES

APPENDIX B SCORING ESO USING ALTERNATE GENERAL PRCCEDURES
Presented below are the general procedures that have been be used with the ESQ-IV (Past Tense) (24, 25) but can also be used with ESQ-1I1 (46) . The scoring procedures are based on the empirical studies cited and correspond to major environmental conditions. The experimenter can select the index that represents the measure of interest. For example, if the ESQ is administered during hot weather, the researcher should score it for the index of subjective heat illness (SHI).
If it is administered during cold weather, it should be scored for indexes of cold discomfort.
During studies of physical exertion such as field training exercises (whether in the cold, the heat or under thermally neutral conditions), it should be scored for indexes of tiredness, muscle discomfort, etc. Regardless of environmental condition, it is always valuable to know the incidence of symptoms and symptom predominance.
Symptom Incidence. Symptom Incidence is defined as the frequency of occurrence of a symptom item among subjects for a particular condition. Thus, scoring is accomplished by simply counting the number of subjects who rated the item as "1" or greater for that condition. Chi-square analyses are used to .,ssess whether symptom incidence among conditions varies significantly from chance for that particular item. This procedure is a true measure of incidence withouc regard to the individual intensity ratings of the items. Symptom Predominance, described below, takes into account intensity of symptom ratings.
Symptom Predomirmnce. Symptom Predominance is defined as the rank ordering of the mean intensities of the symptoms among subjects for a particular condition. Thus, scoring is accomplished by calculating the mean intensity of each item for subjects experiencing a particular condition, and then rank ordering the 68 symptom items from most intense to least intense. Those items with the highest mean scores are considered the predominant symptoms for that environmental condition.
This procedure was used successfully by Kobrick et at. (29, 30) in a large-scale study of ambient heat, chemical protective clothing and the administration of nerve agent antidote.
Subjective Heat Illness (SKIt). The Index of Subjective Heat Itlness (SH!) was empirically derived by Johnson and Nerulto (24) .
The SH! is calculated for each subject by summing the intensity ratings (unweighted) of 22 item from the ESQ-General Form. The possible scores for the SHI range from zero (all items scored as "0" or "not present") to 110 (all items scored as "5" or "extreme"). Table 1 .
SRI
Cold and Physical Exertion. Four indexes are used to assess symptomatotogy in physically active subjects exposed to cold weather (23) .
These indexes reflect feelings of cold discomfort, muscle discomfort, cardiopulmonary discomfort, and tiredness. A fifth index, feelings of well-being, is typically used as an index of recovery. Each index is calculated for each subject by summing the intensity ratings (unweighted) of their respective items 
